Abstract-Phenylephrine, a selective a-adrenergic stimulant, caused a maximal re laxation of the taenia from guinea pig caecum in the concentration of 10-6 g/ml. Phenylephrine in this concentration did not influence intracellular cyclic AMP and cyclic GMP levels. Although phenylephrine abolished the spontaneous spike discharge, no change was detected in "Ca-uptake and "Ca-efflux on the tissue level after phenyl ephrine. Ca-uptake and Ca-release on the subcellular level were also not influenced by phenylephrine.
Adrenoceptors were classified as a and 3-receptors by Ahlquist (1) . As a rule, a receptor is associated with the excitatory functions and 3-receptor with the inhibitory functions. Exceptionally, stimulation of a and (9-receptors in an intestinal smooth muscle causes a relaxation (2) . But the inhibitory responses mediated through a and (3-receptors are independent as to mechanical effects and metabolic effects (3).
It was reported that stimulation of Q-adrenoceptors elevates the intracellular levels of cyclic AMP and facilitates Ca-accumulation (4) . However, little is known of the mechanisms involved in the responses mediated through a-adrenoceptors, except that an a-adrenoceptor stimulant increases K-permeability (5-7). We carried out studies on the effects of an a adrenoceptor stimulant on tissue levels of cyclic nucleotides, Ca-movement and K permeability.
MATERIALS AND METHODS

Phenylephrine
was used as the a-adrenergic stimulant.
Male guinea pigs (300-400 g)
were sacrificed by a blow on the neck and two pieces of taenia were removed from one caecum and suspended in two 30 ml organ baths filled with physiological solution kept at 32'C and bubbled with air. One was used for measuring the control levels of cyclic nucleotides and the other for estimating the change in levels of cyclic nucleotides after one min treatment with phenylephrine in the presense of propranolol. They were frozen in liquid nitrogen.
Cyclic AMP was assayed with the method of Gilman (8) Experiments to test the effect of phenylephrine on membrane activity were done on strips of the taenia. Isolated taenia was mounted in the sucrose gap apparatus according to the method of Biilbring and Burnstock (12) . In this apparatus, an arrangement was made to record isometric contractions of smooth muscle with electrical changes.
To examine 45Ca-uptake by the muscle, the isolated taenia was attached to a stainless holder and equilibrated for 1 hr in physiological solution bubbled with air at 32°C. At 2, 5 and 8 min after incubating the taenia in physiological solution containing 45Ca (3 /10/ml) and phenylephrine, the tissue was removed from the solution, blotted with filter paper and quickly weighed. To determine 45Ca-radioactivity, the tissues were dissolved with Soluene 350 (Packard) and counted in a liquid scintillation counter.
To measure alterations of 45Ca-efflux, the tissues were also attached to a stainless holder and were equilibrated for 1 hr in 45Ca-physiological solution (45Ca, 30 /eCi/ml) and then at intervals of 10 min quickly transferred to a series of test tubes containing 3 nil of inactive physiological solution at 32'C bubbled with air. One ml of solution from each tube was counted in a liquid scintillation counter. To detect any change in extracellular space of the taenia induced by the drug, 14C-sorbitol was used. After 10 min incubation with 14C sorbitol and the drug, the radioactivity in muscles was measured.
To examine Cat+-movements on the subcellular level, about 15 guinea pigs were (14) . To study the me chanical responses of the taenia to CaCI2, after the taenia was well rinsed in Ca-free-solution (CaC12 was omitted) or Ca-free-KCI-solution (CaC12 was omitted and NaCI was replaced by KCI), CaC12 was added and the response was recorded isotonically. To measure the alterations of 42K-efflux, the tissues were equilibrated for 3 hr in 42K-physiological solution (42K 10 1 Ci/ml) and then transferred to inactive solution. The radioactivity was counted in an r-counter (15) .
RESULTS
Phenylephrine (10-6 g/ml) relaxed the taenia maximally and the relaxation was not affected by propranolol (10-6 g/ml). Therefore, changes in levels of the intracellular cyclic nucleotides were measured after the treatment with the above concentration of the drugs.
Treatment with phenylephrine did not change the intracellular cyclic AMP and GMP levels in the taenia, as compared with the control (Table 1 ). The protein content of one preparation was 2-4 mg for cyclic AMP assay and 15-20 mg for cyclic GMP. In the present study, phenylephrine (3 x 10-6 g/ml) hyperpolarized the membrane and abolished the spontaneous spikes. These phenomena were accompanied by a decrease in tension. These effects of phenylephrine were blocked by dibenamine (10-6 g/ml) (data not shown). Since the spike in smooth muscle is thought to be mainly Ca-dependent, phenyl ephrine may have an influence on the transmembrane Ca-movement. Therefore, we measured Ca-movement in intact muscles. To ascertain whether or not phenylephrine supresses the uptake of calcium by the muscle, 45Ca-uptake was measured. As shown in Fig. 1, phenyl ephrine (10-6 g/ml) did not inhibit 45Ca-uptake by the muscle. If calcium extrusion across the plasma membrane is accelerated by a drug, the taenia will relax, therefore the effect of phenylephrine on 45Ca-efflux was tested. We found that this agent did not accelerate 45Ca efflux (Fig. 2) . Phenylephrine did not change the extracellular space.
Calcium content in the muscle may be much more than the amount moved across the plasma membrane when the muscle contracts or relaxes. A minute change in the amount of Ca may be obscured by a large Ca-content in the muscle. We also examined the Ca movement on the subcellular level. We used the microsomal fraction which contained high concentrations of markers of plasma membrane such as Na, K-ATPase and 5' nucleotidase (14) . Ca-uptake by the microsomal fraction was accelerated by ATP (3 mM) and oxalate (5 mM). Therefore, Ca-uptake was examined in the presence of ATP (3 mM) and oxalate (5 mM). Phenylephrine (10-6 g/ml) did not change the amount of calcium taken up. Higher doses of phenylephrine induced no change (Table 2 ). Phenylephrine (10_6 g/ml) had no significant effect on Ca-release regardless of the time of incubation (Fig.  3 ). Higher doses (2 x 10-5 and 10-3 g/ml) of phenylephrine also had no effect.
It is generally considered that the smooth muscle membrane depolarizes slightly in Ca-free-solution and greatly depolarizes considerably in Ca-free-KCI-solution.
To study the mechanical responses of the taenia to CaC12, 0.5 mM CaC12 was added to the organ bath filled with Ca-free-solution or Ca-free-KCI-solution. In Ca-free-KC1-solution, phenylephrine (10-6 g/ml) added before or after CaCl2-addition slightly modified the response of the taenia to 0.5 mM CaCl2 (Fig. 4) . Phenylephrine (10-6 g/ml) inhibited the response of the taenia to 0.5 mM CaCl2 in Ca-free-solution (Fig. 4) . In Ca-free-solution, phenylephrine (10-6 g/ ml) inhibited the dose response curve of CaCl2 and this effect was blocked by phentolamine (10-6 g/ml). Since variance in the response to CaCl2 was rather large in Ca-free-KCI solution, the difference between values before and after phenylephrine-treatment was not significant (Fig. 5) . •: control, x : with phenylephrine (10-6 g/ml), 0:
with phenylephrine (10-6 g/ml) plus phentolamine (10-6 g/ml). right; •: the first control, C : the second control, x : with phenyl ephrine (10-6 g/ml) FIG. 6. Effect of phenylephrine (10-6 g/ml) on 42K-efflux from the taenia caecum. Abscissa: Time (min) after transfer from 92K-solution. Logarithmic ordi nate: cpm/min/mg wet wt. Phenyl ephrine was present from 40 min to 50 min. Phentolamine (10-6 g/ml) was present from 35 min to 50 min.
Outward current by potassium can be electrophysiologically observed during a adrenergic action (16) . Jenkinson and Morton (6, 7) and Biilbring et al. (17) observed 42K-efflux increased by a-adrenoceptor stimulant in the K-depolarized taenia . Their observations were confirmed in this study (data not shown). In order to ascertain the participation of any change of K-permeability which would induce relaxation in the muscle, we examined 42K-efflux in normal undepolarized taenia. Phenylephrine (10-6 g/ml) increased 42K-efflux and this effect of phenylephrine was blocked by phentolamine (10-6g/ml) (Fig . 6 ).
DISCUSSION
In smooth muscle the tissue levels of cyclic AMP are increased by isoprenaline and levels of cyclic GMP are increased by drugs which contract smooth muscle (18) . In our laboratory, Ohkubo et al. (19) reported that isoprenaline increased the tissue levels of cyclic AMP and decreased levels of cyclic GMP in tracheal smooth muscle. In the present study it was indicated that phenylephrine did not change these levels in the taenia. This result suggests that a-adrenergic action in the intestinal smooth muscle is not mediated through a change in levels of intracellular cyclic nucleotides. Our results coincide with the findings that a-adrenergic action is not mediated through cyclic AMP in rat liver (20) , heart (21) and intestinal smooth muscles (22, 23) .
Since the spike in smooth muscle is thought to be mostly Ca-dependent, drugs which inhibit the spike discharge probably affect the transmembrane Ca-movement. It has been reported that papaverine inhibits 45Ca-uptake by the uterus (24) and by the taenia caecum of guinea pig (15, 25) . In the present study, phenylephrine was without any effect on 45Ca release from the taenia caecum. These results may indicate that phenylephrine does not influence Ca-movement across the membrane. But if the amount of calcium which was moved by phenylephrine is minute, a change of Ca-content in the muscle may be undetectable by the methods used.
Phenylephrine had no influence on 45Ca-uptake by the microsomes of the taenia caecum and 45Ca-release from these microsome. Other workers reported that epinephrine, iso prenaline and papaverine, which increase intracellular levels of cyclic AMP, increased 45Ca-uptake by the microsomal fractions from some smooth muscles (4, 14, 26, 27) . On the other hand, some smooth muscle relaxants, which have no influence on the intracellular levels of cyclic AMP, inhibited 45Ca-uptake by the intestinal microsomal fractions (13, 27 29) . Furthermore, smooth muscle stimulants, such as angiotensin II (26, 30) Jenkinson and Morton (6, 7) reported that 42K-efflux was increased by a-adrenergic action in the K-depolarized taenia caecum from guinea pig which was not relaxed by the a-adrenoceptor stimulant. Furthermore Bulbring et al. (17) reported that epinephrine increased the rate of 42K-efflux in smooth muscle which was completely depolarized by K2SO4 and that this effect was less in muscle partly depolarized by KCl and was smaller in normal solution. It has been clearly demonstrated in the present study that 42K-efflux in the normal undepolarized smooth muscle is also increased by the a-adrenoceptor stimulant.
The results obtained suggest that the increase of K-efflux induced by phenylephrine hyper polarized the membrane and relaxed the taenia caecum. 
